We study the quark flavor violating Higgs-boson decay h →bs + bs in the Minimal Supersymmetric Standard Model (MSSM). The decay is analyzed first in a model independent, and in a second step in the minimal flavor violationg (MFV) Constrained MSSM. The experimental constraints from B-Physics observables (BPO) and electroweak precision observables (EWPO) are also calculated and imposed on the parameter space. It is shown that in some cases the EWPO restrict the flavor violating parameter space stronger than the BPO. In the model independent analysis values of O(10 −4 ) can be found for BR(h →bs + bs). In the MFV CMSSM such results can only be obtained in very restricted parts of the parameter space. The results show that it is not excluded to observe the decay h →bs + bs in the MSSM at future e + e − colliders. *
Introduction
Supersymmetry (SUSY) is one of the most intriguing ideas over the last 30 years of high energy physics. One of the major goals of the large hadron collider (LHC) and future colliders is to discover SUSY (or any other sign of physics beyond the Standard Model (SM)). So far this search was unsuccessful for SUSY particles as for any other BSM model. Another way to learn about SUSY is to study the indirect effects of the SUSY particles on SM observables. Flavor Changing Neutral Current (FCNC) processes offer a unique prospective in this regard. In the SM FCNC processes are absent at tree level and can only occur at one-loop level. The only source of FCNC's in the SM is the CKM matrix and these processes are highly supressed due to GIM cancellations [1] . On the other hand, in the Minimal Supersymmetric Standard Model (MSSM) [2] , possible misalignment between the quark and scalar quark mass matrices is another source which can dominate the SM contribution by several orders of magnitude. Any possible experimental deviation from the SM prediction for FCNS's would be a clear evidence of new physics and potentially a hint for MSSM.
Within the MSSM, flavor mixing can occur in the scalar fermion sector due to the possible presence of soft SUSY-breaking parameters in the respective mass matrices, which are offdiagonal in flavor space (mass parameters as well as trilinear couplings). This yields many new sources of flavor (and CP-) violation, which potentially lead to large non-standard effects in flavor processes in conflict with experimental bounds from low-energy flavor observables involving strange, charm or bottom mesons [3] . An elegant way to solve the above problems (in general BSM models) is provided by the Minimal Flavor Violation (MFV) hypothesis [4, 5] , where flavor (and CP-) violation is assumed to originate entirely from the CKM matrix. For example, in the MSSM the off-diagonality in the sfermion mass matrix reflects the misalignment (in flavor space) between fermion and sfermion mass matrices, that cannot be diagonalized simultaneously. One way to introduce this misalignment within the MSSM under the MFV hypothesis is the following. Assuming no flavor violation at the Grand Unification (GUT) scale, off-diagonal sfermion mass matrix entries can be generated by Renormalization Group Equations (RGE) running to the electroweak (EW) scale due to the presence of non-diagonal Yukawa matrices in RGEs. In this paper we will take into account both possibilities: the general parametrization of flavor violation at the EW scale, as well as flavor violation induced only by CKM effects in the RGE running from the GUT to the EW scale.
MFV sceneraios are well motivated by the fact that low energy meson physics puts tight constraints on the possible value of the FCNC couplings, especially for the first and second generation squarks which are sensitive to the data on K 0 −K 0 and D 0 −D 0 mixing. However, the third generation is less constrained, since present data on B 0 −B 0 mixing still leaves some room for FCNCs. This allows some parameter space for the more general scenerios focusing on the mixing between second and third generation (s)quarks. One such example is the neutral higgs decay h →bs + bs. The SM contribution is highly suppressed for this process but the SUSY-QCD quark-squark-gluino loop contribution can enhance the MSSM contribuion by several orders of magnitude. Also the SUSY-EW one loop contribution from quark-squark-chargino and quark-squark-neutralino loop even though subdominent, can have sizable effects on the BR(h →bs + bs), where in particular the interfrence effects of SUSY-QCD and SUSY-EW loop corrections can be relevant. This decay in the framework of the 1 MSSM has been analyzed in the literature: the SUSY-QCD contributions for this decay were calculated in [6, 7] , and the SUSY-EW contributions using the mass insertion approximation were calculated in [8] . Later in [9] the SUSY-EW contributions and their interference effects with the SUSY-QCD contribution were calculated using exact diagonalization of the squark mass matrices. In all these analysis, only LL mixing (see below for an exact definition) in the squarks mass matrix was considered, and experimental constraints were imposed only from BR(B → X s γ). Most recently in [10] also RR mixing has been included. However mixing of the LR or RL elements of the mass matrix and constraints from other B-Physics observables (BPO) or potential other constraints were not taken into account (except in the most recent analysis in [10] ).
In this paper we will analyze the decay h →bs + bs, evaluated at the full one-loop level, by taking into account the experimental constraints not only from B-Physics observable but also from the electroweak precision observables (EWPO). In the scalar quark sector we will not only consider the LL mixing, but also include the LR-RL and RR mixing for our analysis of BR(h →bs + bs). We will analyze this decay first in a model independent approach (MI) where flavor mixing parameters are put in by hand without any emphasis on the origin of this mixing (but respecting the experimental bounds from BPO and EWPO). In a second step we perform the analysis in the MFV Constrained MSSM (CMSSM), where flavor mixing is generated by the RGE running from GUT down to electroweak scale.
The paper is organized as follows: First we review the main features of the MFV CMSSM and flavor mixing in the MSSM in Sect. 2. The details about calculation and computational setup of the low energy observables are given in Sect. 3. The numerical results are presented in Sect. 4 , where first we show the MI analysis, followed by the results in MFV CMSSM. Our conclusions can be found in Sect. 5.
Model set-up
In this section we will first briefly review the MSSM and parameterization of sfermion mixing at low energy. Subsequently, we will give a brief recap of the CMSSM and the concept of MFV.
Flavor mixing in the MSSM
In this section we give a brief description about how we parameterize flavor mixing at the EW scale. We are using the same notation as in Refs. [11] [12] [13] [14] [15] .
The most general hypothesis for flavor mixing assumes mass matrices for the scalar quarks (we ignore flavor mixing in the slepton sector) that are not diagonal in flavor space. The superfields are rotated such that quark matrices are diagonal. The rotation is performed via the CKM matrix and the relavent terms in the soft SUSY-breaking Lagrangian (to be defined below) get rotated from the interaction eigenstate basis to what is known as the Super-CKM basis.
In the squarks sector we have two 6 × 6 mass matrices, based on the corresponding six Super-CKM eigenstates,Ũ L,R with U = u, c, t for up-type squarks andD L,R with D = d, s, b for down-type squarks.
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The non-diagonal entries in these 6 × 6 general matrices for squarks can be described in terms of a set of dimensionless parameters δ F AB ij (F = Q, U, D; A, B = L, R; i, j = 1, 2, 3, i = j) where F identifies the squark type, L, R refer to the "left-" and "right-handed" SUSY partners of the corresponding fermionic degrees of freedom, and i, j indexes run over the three generations.
One usually writes the 6 × 6 non-diagonal mass matrices, M
In all this work, for simplicity, we are assuming that all δ F AB ij parameters are real, therefore, the hermiticity of M 2 q implies δ
and only the entries on and above the diagonal need to be filled. The δ F AB ij are located at the following places in the mass matrix:
The next step is to rotate the squark states from the Super-CKM basis,q L,R , to the physical basis. If we set the order in the Super-CKM basis as above
, and in the physical basis asũ 1,..6 andd 1,..6 , respectively, these last rotations are given by two 6 × 6 matrices, Rũ and Rd,
yielding the diagonal mass-squared matrices for squarks as follows,
Here we have used calligraphic capital letters for the sfermion fields in the interaction basis with generation indices,
and all the gauge indices have been omitted. Here, in accordance with Sect. (7), (8) .
Within the CMSSM the soft SUSY-breaking parameters are assumed to be universal at the Grand Unification scale M GUT ∼ 2 × 10 16 GeV,
There is a common mass for all the scalars, m 2 0 , a single gaugino mass, m 1/2 , and all the trilinear soft-breaking terms are directly proportional to the corresponding Yukawa couplings in the superpotential with a proportionality constant A 0 e iφ A , containing a potential nontrivial complex phase. The other phases can be redefined and included in the phase of µ (for a review see for example [16] ). However, they are very constrained by the electric dipole moments(EDM's) of leptons and nucleons [17] .
With the use of the Renormalization Group Equations (RGE) of the MSSM, one can obtain the SUSY spectrum at the EW scale. All the SUSY masses and mixings are then given as a function of m 2 0 , m 1/2 , A 0 , and tan β = v 2 /v 1 , the ratio of the two vacuum expectation values (see below). We require radiative symmetry breaking to fix |µ| and |Bµ| [18, 19] with the tree-level Higgs potential.
By definition, this model fulfills the MFV hypothesis, since the only flavor violating terms stem from the CKM matrix. The important point is that, even in a model with universal soft SUSY-breaking terms at some high energy scale as the CMSSM, some off-diagonality in the squark mass matrices appears at the EW scale. Working in the basis where the squarks are rotated parallel to the quarks, the so-called Super CKM (SCKM) basis, the squark mass matrices are not flavor diagonal at the EW scale. This is due to the fact that at M GUT there exist two non-trivial flavor structures, namely the two Yukawa matrices for the up and down quarks, which are not simultaneously diagonalizable. This implies that through RGE evolution some flavor mixing leaks into the sfermion mass matrices. In a general SUSY model the presence of new flavor structures in the soft SUSY-breaking terms would generate large flavor mixing in the sfermion mass matrices. However, in the CMSSM, the two Yukawa matrices are the only source of flavor change. As always in the SCKM basis, any off-diagonal entry in the sfermion mass matrices at the EW scale will be necessarily proportional to a product of Yukawa couplings.
In Ref. [15] it was shown that even under the MFV hypothesis in the CMSSM nonnegligible flavor violation effects can be induced at the EW scale. Confronted with precision data from flavor observables or electroweak precision observables, this can lead to important restrictions of the CMSSM parameter space. These constraints will be imposed on the SUSY parameters in our numerical analysis below. Details about these observables and their calculation are given in the next section.
Low-energy Observables
Here we briefly describe the calculations of the observables evaluated in this work. We start with the evaluation of the flavor violating Higgs decay, h →bs + bs, and then give a short description of the precision observables used to restrict the allowed parameter space.
The flavor violating Higgs decay h →bs + bs
We start with the evaluation of the flavor violating Higgs decay. In SM the branching ratio BR(h →bs + bs) can be at most of O(10 −7 ) [6] , too small to have a chance of detection at the LHC. But because of the strong FCNC gluino couplings and the tan β-enhancement inherent to the MSSM Yukawa couplings, we may expect several orders of magnitude increase of the branching ratio as compared to the SM result, see Ref. [6, 7] . We (re-) calculate full one-loop contributions from SUSY-QCD as well as SUSY-EW loops with the help of the FeynArts [20, 21] and FormCalc [22] packages. The lengthy analytical results are not shown here. We take into account mixing in the LL and RR part, as well as in the LR and RL part of the mass matrix, contrary to Refs. [6] [7] [8] [9] [10] , where only the LL and RR mixing had been considred. For our numerical analysis we define
where Γ Which BR might be detectable at the LHC or an e + e − collider such as the ILC can only be established by means of specific experimental analyses, which, to our knowledge, do not exist yet. However, in the literature it is expected to measure BR's at the level of 10 −3 at the LHC [6] . In the clean ILC environment in general Higgs boson branching ratios below the level of 10 −4 can be observed, see e.g. Ref. [28] for a recent review. We will take this as a rough guideline down to which level the decay h →bs + bs could be observable. 
B-physics observables
In order to determine which flavor mixing (i.e. which combination of parameters) is still allowed by experimental data we evaluated flavor precision observables and electroweak precision observables. Here we start with the brief description of the evaluation of several B-physics observables (BPO): BR(B → X s γ), BR(B s → µ + µ − ) and ∆M Bs . Concerning BR(B → X s γ) included in the calculation are the most relevant loop contributions to the Wilson coefficients: (i) loops with Higgs bosons (including the resummation of large tan β effects [29] ), (ii) loops with charginos and (iii) loops with gluinos. For BR(B s → µ + µ − ) there are three types of relevant one-loop corrections contributing to the relevant Wilson coefficients: (i) Box diagrams, (ii) Z-penguin diagrams and (iii) neutral Higgs boson φ-penguin diagrams, where φ denotes the three neutral MSSM Higgs bosons, φ = h, H, A (again large resummed tan β effects have been taken into account). In our numerical evaluation there are included what are known to be the dominant contributions to these three types of diagrams [30] : chargino contributions to box and Z-penguin diagrams and chargino and gluino contributions to φ-penguin diagrams. Concerning ∆M Bs , in the MSSM there are in general three types of one-loop diagrams that contribute: (i) Box diagrams, (ii) Z-penguin diagrams and (iii) double Higgs-penguin diagrams (again including the resummation of large tan β enhanced effects). In our numerical evaluation there are included again what are known to be the dominant contributions to these three types of diagrams in scenarios with non-minimal flavor violation (for a review see, for instance, [31] ): gluino contributions to box diagrams, chargino contributions to box and Z-penguin diagrams, and chargino and gluino contributions to double φ-penguin diagrams. More details about the calculations employed can be found in Refs. [13, 14] . We perform our numerical calculation with the BPHYSICS subroutine taken from the SuFla code [32] (with some additions and improvements as detailed in Refs. [13, 14] 3.15 ± 0.23 × 10
3.23 ± 0.27 × 10 
The experimental uncertanity will further be reduced [44] to
at the ILC and at the GigaZ option of the ILC, respectively. Even higher precision could be expected from the FCC-ee, see, e.g., Ref. [45] . The W -boson mass can be evaluated from
where α is the fine-structure constant and G µ the Fermi constant. This relation arises from comparing the prediction for muon decay with the experimentally precisely known Fermi constant. The one-loop contributions to ∆r can be written as
1 Using the most up-to-date value of BR(B s → µ + µ − ) = 2.9 ± 0.7 × 10 −9 [41] would have had a minor impact on our analysis.
where ∆α is the shift in the fine-structure constant due to the light fermions of the SM, ∆α ∝ log(M Z /m f ), and ∆ρ is the leading contribution to the ρ parameter [46] from (certain) fermion and sfermion loops (see below). The remainder part (∆r) rem contains in particular the contributions from the Higgs sector.
The SUSY contributions to M W can well be approximated with the ρ-parameter approximation [42, 47] . M W is affected by shifts in the quantity ∆ρ according to
The quantity ∆ρ is defined by the relation
with the unrenormalized transverse parts of the Z-and W -boson self-energies at zero momentum, Σ T Z,W (0). It represents the leading universal corrections to the electroweak precision observables induced by mass splitting between partners in isospin doublets [46] . Consequently, it is sensitive to the mass-splitting effects induced by flavor mixing. The effects from flavor violation in the squark and slepton sector, entering via ∆ρ have been evaluated in Refs. [11, 15, 47] and included in FeynHiggs. In particular, in Ref. [47] it has been shown that for the squark contributions ∆ρ constitutes an excellent approximation to ∆r. We use FeynHiggs for our numerical evaluation, where M W is evaluated as
where ∆M MSSM W is calculated via Eq. (21) . FeynHiggs takes into account the full set of one-loop squark contributions to ∆ρ (including NMFV effects [11, 47] ), as well as the leading gluonic two-loop corrections [48] . In Ref. [15] it was shown that EWPO and in particular M W can lead to relevant restrictions on the (C)MSSM parameter space in the presence of intergenerational mixing in the squark sector.
The prediction of M W also suffers from various kinds of theoretical uncertainties, parametric and intrinsic. Starting with the parametric uncertainties, an experimental error of 1 GeV on m t yields a parametric uncertainty on M W of about 6 MeV, while the parametric uncertainties induced by the current experimental error of the hadronic contribution to the shift in the fine-structure constant, ∆α had , and by the experimental error of M Z amount to about 2 MeV and 2.5 MeV, respectively. The uncertainty of the M W prediction caused by the experimental uncertainty of the Higgs mass δM exp h < ∼ 0.3 GeV is signifcantly smaller (≈ 0.2 MeV). The intrinsic uncertainties from unknown higher-order corrections in the case of no flavor mixing have been estimated to be around (4.7-9.4) MeV in the MSSM [49, 50] depending on the SUSY mass scale. We have added the parameteric uncertanities in quadrature and add the result linearly to the uncertanity from the unknown higher order corrections in the case of no flavor mixing. We assume additional 10% uncertanity from the flavor mixing contribution to ∆ρ MSSM and (via Eq. (21)) add it linearly to the other uncertainties.
Numerical Results
In this section we present our numerical results. We start with the model independent approach, where we do not specifiy the origin of the flavor violating δ
F AB ij
, but take into account the existing limits from BPO and (evaluate newly the ones from) EWPO. In a second step we briefly investigate the results in the CMSSM.
Model independent analysis
In the model independent analaysis we first define our set of input paramters and discuss how they are restriced by BPO and EWPO introduced above. In the allowed parameter space we evaluate BR(h →bs + bs) and show that it might be detectable at future e + e − colliders.
Input Parameters
For the following numerical analysis we chose the MSSM parameter sets of Ref. [11, 12] . This framework contains six specific points S1. . . S6 in the MSSM parameter space, all of which are compatible with present experimental data, including LHC searches and the measurements of the muon anomalous magnetic moment. The values of the various MSSM parameters as well as the values of the predicted MSSM mass spectra are summarized in Tab. 2. They were evaluated with the program FeynHiggs [23] [24] [25] [26] [27] . For simplicity, and to reduce the number of independent MSSM input parameters, we assume equal soft masses for the sleptons of the first and second generations (similarly for the squarks), and for the left and right slepton sectors (similarly for the squarks). We choose equal trilinear couplings for the stop and sbottom squarks and for the sleptons consider only the stau trilinear coupling; the others are set to zero. We assume an approximate GUT relation for the gaugino soft-SUSY-breaking parameters. The pseudoscalar Higgs mass M A and the µ parameter are taken as independent input parameters. In summary, the six points S1. . . S6 are defined in terms of the following subset of ten input MSSM parameters:
The specific values of these ten MSSM parameters in Tab. 2 are chosen to provide different patterns in the various sparticle masses, but all leading to rather heavy spectra and thus naturally in agreement with the absence of SUSY signals at the LHC. In particular, all points lead to rather heavy squarks of the first/second generation and gluinos above 1500 GeV and heavy sleptons above 500 GeV (where the LHC limits would also permit substantially lighter sleptons). The values of M A within the interval (500, 1500) GeV, tan β within the interval (10, 50) and a large A t within (1000, 2500) GeV are fixed such that a light Higgs boson h within the LHC-favoured range (123, 127) GeV is obtained. Table 2 : Selected points in the MSSM parameter space (upper part) and their corresponding spectra (lower part). All dimensionful quantities are in GeV.
The large values of M A 500 GeV place the Higgs sector of our scenarios in the socalled decoupling regime [51] , where the couplings of h to gauge bosons and fermions are close to the SM Higgs couplings, and the heavy H couples like the pseudoscalar A, and all heavy Higgs bosons are close in mass. With increasing M A , the heavy Higgs bosons tend to decouple from low-energy physics and the light h behaves like the SM Higgs boson. This type of MSSM Higgs sector seems to be in good agreement with recent LHC data [52] . We checked with the code HiggsBounds [53] that this is indeed the case (although S3 is right 'at the border').
Particularly, the absence of gluinos at the LHC so far forbids too low M 3 and, through the assumed GUT relation, also a too low M 2 . This is reflected by our choice of M 2 and µ which give gaugino masses compatible with present LHC bounds. Finally, we required that all our points lead to a prediction of the anomalous magnetic moment of the muon in the MSSM that can fill the present discrepancy between the SM prediction and the experimental value.
Experimental Constraints on δ F AB ij
In this section we will present the present experimental constraints on the squark mixing parameters δ
F AB ij
for the above mentioned MSSM points S1. . . S6 defined in Tab. 2. The experimental constraints from BPO for the same set of parameters that we are using were already calculated in [14] for one δ F AB ij = 0 , which we reproduce here for completeness in the Tab. 3.
We now turn our attention to the constraints from M W . In Fig. 3 are modified by the EWPO specially the region (-0.83:-0.78) for the point S5, which was allowed by the BPO, is now excluded. The allowed intervals for the points S1-S3 have also shrunk. However the point S4 was already excluded by BPO, similarly the allowed interval for S6 do not get modified by EWPO. The constraints on δ by EWPO.
BR(h →bs + bs)
In order to illustrate the contributions from different diagrams we show in Fig. 4 the SUSY-EW, SUSY-QCD and total SUSY contribution to Γ(h →bs + bs) as a function of δ (lower right). These four δ
F AB ij
are the only relevant ones, since we are mainly concerned with the down-type sector, and mixing with the first generation does not play a role.
In order to compare our results with the literature, we have used the same set of input parameters as in [9] : µ = 800 GeV, m SUSY = 800 GeV, A f = 500 GeV, M A = 400 GeV, M 2 = 300 GeV, tan β = 35 ,
where we have chosen, for simplicity, m SUSY as a common value for the soft SUSY-breaking squark mass parameters, m SUSY = MQ ,q = MŨ ,(c,t) = MD ,(s,b) , and all the various trilinear parameters to be universal, A f = A t = A b = A c = A s . The value of the δ F AB ij 's are varied from -0.9 to 0.9, and GUT relations are used to calculate M 1 and M 3 . In Ref. [9] , only LL mixing was considered. In this limit we find results in qualitative agreement with Ref. [9] . This analysis has been done just to illustrate the different contributions and we do not take into account any experimental constraints. A detailed analysis for realisitic SUSY scenerios (defined in Tab. 2) constrained by BPO and EWPO can be found below.
As can be seen in Fig. 4 , for the decay width Γ(h →bs+bs) the SUSY-QCD contribution is dominant in all the cases. For LL mixing shown in the upper left plot, the SUSY-QCD contribution reaches up to O(10 −6 ), while the SUSY-EW contribution reach up to O(10 −7 ), resulting in a total contribution "in between", due to the negative interference between SUSY-EW and SUSY-QCD contribution. For LR and RL mixing, shown in the upper right and lower left plot, respectively, the SUSY-QCD contribution reach up to the maximum value of O(10 So far we have shown the effects of independent variations of one δ
. Obviously, a realistic model would include several δ F AB ij = 0 that may interfere, increasing or decreasing the results obtained with just the addition of independent contributions. GUT based MFV models that induce the flavor violation via RGE running automatically generate several δ F AB ij = 0 at the EW scale. In the following we will present results with two or three δ F AB ij = 0, where we combined the ones that showed the largest effects. In Figs. 6-9 , in the left columns we show the 3 σ contours (with experimental and theory uncertainties added linearly) of BR(B → X s γ) (Black), BR(B s → µ + µ − ) (Green), ∆M Bs (Blue) and M W (Red). For non-visible contours the whole plane is allowed by that constraint. The right columns show, for the same parameters, the results for BR(h →bs + bs). In Figs. 6 and 7 we present the results for the plane (δ As a last step in model independent analysis, we consider the case of three δ ; a very small value will have no additional effect, and a very large value of δ DRR 23 leads to large excluded areas in the (δ be noted that in S4 the whole plane is excluded by M W , and in S5 by BR(B s → µ + µ − ) (both contours are not visible). In S6 no overlap between the four constraints is found, and again this scenario is excluded. We have checked that also a smaller value of δ To summarize, in our model independent analysis, allowing for more than one δ Table 5 : Maximum possible value for BR(h →bs + bs) for two and three δ F AB ij = 0 case for the selected S1-S6 MSSM points defined in Tab. 2. ) plane for points S1-S3. The shaded area shows the range of values allowed by all cronstraints. Right: corresponding countours for BR(h →bs + bs). 
Numerical results in MFV CMSSM
In this final step of our numerical analysis we investigate the CMSSM as described in Sect. 2.2. Here the MFV hypothesis is realized by demanding no flavor violation at the GUT scale, and the various flavor violating δ
F AB ij
are induced by the RGE running to the EW scale. For this analysis the SUSY spectra have been generated with the code SPheno 3.2.4 [54] . We started with the definition of the (MFV) SLHA file [55] at the GUT scale. In a first step within SPheno, gauge and Yukawa couplings at M Z scale are calculated using tree-level formulas. Fermion masses, the Z boson pole mass, the fine structure constant α, the Fermi constant G F and the strong coupling constant α s (M Z ) are used as input parameters. The gauge and Yukawa couplings, calculated at M Z , are then used as input for the one-loop RGE's to obtain the corresponding values at the GUT scale which is calculated from the requirement that g 1 = g 2 (where g 1,2 denote the gauge couplings of the U(1) and SU(2), respectively). The CMSSM boundary conditions (with the numerical values from the SLHA file) are then applied to the complete set of two-loop RGE's and are evolved to the EW scale. At this point the SM and SUSY radiative corrections are applied to the gauge and Yukawa couplings, and the two-loop RGE's are again evolved to GUT scale. After applying the CMSSM boundary conditions again the two-loop RGE's are run down to EW scale to get SUSY spectrum. This procedure is iterated until the required precision is achieved. The output is given in the form of an SLHA, file which is used as input for FeynHiggs to calculate low energy observables discussed above.
In order to get an overview about the size of the effects in the CMSSM parameter space, the relevant parameters m 0 , m 1/2 have been scanned as, or in case of A 0 and tan β have been set to all combinations of m 0 = 500 GeV . . . 5000 GeV , m 1/2 = 1000 GeV . . . 3000 GeV , A 0 = −3000, −2000, −1000, 0 GeV , tan β = 10, 20, 35, 45 ,
with µ > 0. The results are shown in Fig. 12 , where we display the contours of BR(h →bs + bs) in the (m 0 , m 1/2 ) plane for tan β = 10, A 0 = 0 (upper left), tan β = 10, A 0 = −3000 GeV (upper right), tan β = 45, A 0 = 0 (lower left) and tan β = 45, A 0 = −3000 GeV (lower right). By comparison with planes for other tan β-A 0 combinations we have varyfied that these four planes constitute a representative example. The allowed parameter space can be deduced by comparing to the results presented in Refs. [15, 56] . While not all the planes are in agreement with current constraints, large parts, in particular for larger values of m 0 and m 1/2 are compatible with a combination of direct searches, flavor and electroweak precision observables as well as astrophysical data. Upper bounds on m 0 at the few TeV level could possibly be set by including the findings of Ref. [15] into a global CMSSM analysis.
In Fig. 12 one can see that for most of parameter space values of O(10 −7 ) are found for BR(h →bs + bs), i.e. outside the reach of current or future collider experiments. Even for the "most extreme" set of parameters we have analyzed, tan β = 45 and A 0 = −3000 GeV, no detectable rate has been found. Turning the argument around, any observation of the decay h →bs + bs at the (discussed) future experiments would exclude the CMSSM as a possible model.
Conclusions
We have investigated the flavor violating Higgs boson decay h →bs + bs in the MSSM. This evaluation improves on existing analyses in various ways. We take into account the full set of SUSY QCD and SUSY EW corrections, allowing for LL, RL, LR and RR mixing simultaneously. The parameter space is restricted not only by B-physics observables, but also by electroweak precision observables, in particular the mass of the W boson. Here we have shown that M W can yield non-trivial, additional restrictions on the parameter space of the flavor violating δ
F AB ij
. From the technical side we have (re-)caculated the decay h →bs + bs in the FeynArts and FormCalc setup. The BPO and EWPO constraints have been evalated with the help of (a private version of) FeynHiggs, taking into account the full flavor violating one-loop corrections to M W and to the relevant B-physics observables (supplemented with further MSSM higher-order corrections). In the GUT based models the low-energy spectra have been evaluated with the help of Spheno.
The first part of the numerical analysis used a model independent approach. In six representative scenarios, which are allowed by current searches for SUSY particles and heavy Higgs bosons, we have evaluated the allowed parameter space for the various δ F AB ij by applying BPO and EWPO constraints. Within these allowed ranges we have then evaluated BR(h →bs + bs). In the case of only one δ In the final step of the numerical analysis we have evaluated BR(h →bs + bs) in the MFV Constrained MSSM. In this model the flavor violation is induced by CKM effects in the RGE running from the GUT to the EW scale. Here we have found that also for the "most extreme" set of parameters we have analyzed, A 0 = −3000 GeV and tan β = 45, only negligible effects can be expected. Turning the argument around, detecting a non-zero value for BR(h →bs + bs) at (the discussed) future experiments would exclude the CMSSM as a viable model. 
